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Abstract
7KLVDUWLFOHSURSRVHVDV\VWHPIRU7HOHUHKDELOLWDWLRQRISHRSOHZLWKPRWRUGLVRUGHUVRIWKHXSSHUOLPEE\PDNLQJD
OLWHUDWXUHUHYLHZDERXWZRUNVUHODWHGZLWKWKHSURYLVLRQRIWKHSK\VLFDOWKHUDS\VHUYLFHZLWK,&7¶VXVH/LNHZLVH
there is a brief description of the modules integrating the system: motion capture system based on inertial sensors 
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MRLQWDQJOHHVWLPDWRUZDVLPSOHPHQWHGWKURXJK.DOPDQ¿OWHU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Resumen
6HSURSRQHXQVLVWHPDSDUD7HOHUHKDELOLWDFLyQGHSHUVRQDVFRQWUDVWRUQRVPRWRUHVGHOPLHPEURVXSHULRUSDUD
lo cual se realiza una revisión de literatura sobre trabajos relacionados con la prestación del servicio de terapia 
física con el uso de TIC; así mismo se describen de manera breve los módulos que integran el sistema, estos 
son, sistema de captura basado en sensores inerciales y captura con cámara; estimador, implementado mediante 
HO¿OWURGH.DOPDQDSOLFDFLyQLQIRUPiWLFDTXHUHJLVWUDODKLVWRULDFOtQLFDHOHFWUyQLFD\¿QDOPHQWHHOPyGXOR
de videojuegos activos.
Palabras Clave:UHKDELOLWDFLyQGHPLHPEURVXSHULRUVHQVRUHVLQHUFLDOHV7HOHUHKDELOLWDFLyQ¿OWURGH.DOPDQ
HVDOXG
Resumo
3URS}HVHXPVLVWHPDSDUD7HOHUHDELOLWDomRGHSHVVRDVFRPWUDQVWRUQRVPRWRUHVGRPHPEURVXSHULRUSDUDR
TXDOVHUHDOL]DXPDUHYLVmRGHOLWHUDWXUDVREUHWUDEDOKRVUHODFLRQDGRVFRPDSUHVWDomRGRVHUYLoRGHWHUDSLD
física com o uso de TIC; igualmente se descrevem de maneira breve os módulos que integram o sistema, 
HVWHVVmRVLVWHPDGHFDSWXUDEDVHDGRHPVHQVRUHVLQHUFLDLVHFDSWXUDFRPFkPDUDHVWLPDGRULPSOHPHQWDGR
PHGLDQWHR¿OWURGH.DOPDQDSOLFDomR LQIRUPiWLFDTXH UHJLVWUDDKLVWyULDFOtQLFDHOHWU{QLFDH¿QDOPHQWHR
módulo de videogames ativos.
Palavras chave: UHDELOLWDomR GH PHPEUR VXSHULRU VHQVRUHV LQHUFLDLV 7HOHUHDELOLWDomR ¿OWUR GH .DOPDQ
HVD~GH
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I. INTRODUCTION
Telemedicine [1] is the delivery of medical services 
RYHU WHOHFRPPXQLFDWLRQ QHWZRUNV DQG WKH LQWHUQHW
An emerging rehabilitation practice focus on 
delivering physical therapy using telerahabilitation, 
ZKLFK DOORZV H[SHUWV LQ GLIIHUHQWPHGLFLQH ¿HOGV WR
NHHS WKH UHFRUG HYROXWLRQ DQG GLDJQRVH RI SDWLHQWV
ZKR DUH LQ PRWRU UHKDELOLWDWLRQ SURFHVVHV DQG ZKR
OLYHLQSODFHVRIGLI¿FXOWDFFHVVRUZKRGRQRWKDYH
specialist in this area. The emerging technologies 
for the practice of physical rehabilitation are based 
RQ PRWLRQ FDSWXUH PHFKDQLVPV >@ ZKLFK DOORZ
catching biomechanical signals from some body parts 
and, through informatics processes, registering data 
RQ WKHFRPSXWHU >@7KH WHOHSK\VLRWKHUDS\VHUYLFH
LQWHJUDWHV WZR VFHQDULRV JHRJUDSKLFDOO\ GLVWULEXWHG
WKHORFDWLRQRIWKHSDWLHQWZLWKPLOGPRWRUGLVDELOLWLHV
and the rehabilitation center; these are communicated 
YLD LQWHUQHW IROORZLQJ VWDQGDUGV IRU 7HOHPHGLFLQH
SUDFWLFHVSHFL¿FDOO\WKHRQHVUHODWHGWR7,DSSVVXFK
DV+HDOWK/HYHO6HYHQ,QWHUQDWLRQDO+/>@³'LJLWDO
Imaging and Communication in Medicine, DICOM 
>@DPRQJRWKHU
The proposed architecture is composed of four 
PRGXOHV 7KH ¿UVW PRGXOH LV DERXW KXPDQ PRWLRQ
capture based on inertial sensors and motion capture 
ZLWK LQIUDUHG FDPHUD ZKLFK FROOHFW WKH PRWLRQ
information of a patient. The second module contains 
the data fusion algorithm development, based on 
.DOPDQ ¿OWHUVZKLFK DOORZV HVWLPDWLQJ WKH DQJXODU
SRVLWLRQRIWKHMRLQWVZLWKDFFXUDF\7KHWKLUGPRGXOH
integrates the informatics app that transforms captured 
GDWDLQWRYDOLGLQIRUPDWLRQIRUD¿QDOXVHULQDGGLWLRQLW
ZLOOUHJLVWHUWKHHYROXWLRQLQWKHWKHUDS\SODQSURSRVHG
E\DVSHFLDOLVW7KLVVRIWZDUHZLOOEHLQVWDOOHGLQWKH
VHUYHU RI WKH UHKDELOLWDWLRQ FHQWHU DQG ZLOO WUDQVIHU
WKH DSSOLFDEOH LQIRUPDWLRQ WR WKH FRPSXWHU ZKHUH
WKHSDWLHQWLVEHLQJFDUHG)LQDOO\WKHIRXUWKPRGXOH
ZLOO LQWHJUDWH WKHGLIIHUHQWDFWLYHYLGHRJDPHVZLWKD
FRQVROH ZLWK WKH SXUSRVH RI H[HFXWLQJ WKH WKHUDS\
plans suggested by the medical specialist.
II. PRELIMINARIES
In the literature related to the practice and 
development of rehabilitation using technology, 
WKHUH KDYH EHHQ IRXQG PDQ\ ZRUNV IRU H[DPSOH
LQ WKH VSHFLDOL]HG GDWDEDVH 6FRSXV VLQFH  WR
date has been reported a total of 316 publications, 
GLVWULEXWHG LQGLIIHUHQWDUHDVDVSUHVHQWHG LQ)LJ
)RU WKH DERYH VHDUFKLQJ WKH WHUPV ³5HKDELOLWDWLRQ
ZLWKLQHUWLDOVHQVRUV´ZDVXVHGDVVWDQGDUG
FIG. 1.5HKDELOLWDWLRQDQGXVHRIWHFKQRORJLHVDFFRUGLQJWR6FRSXVGDWDEDVH
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2WKHUGDWDEDVHVVXFKDV,(((;SORUHUFOXVWHUDWRWDO
RI  SXEOLFDWLRQV RI ZKLFK  DUH GRFXPHQWV
presented in conferences and the remaining are 
published in journals and magazines, leading 2015, 
WKHUHDUHSXEOLFDWLRQVDQGJURZLQJZKLOHLQ:HE
RI6FLHQFHGDWDEDVHSXEOLFDWLRQVDUH UHJLVWHUHG
In recent years, the advances in matter of inclusion 
RI WHFKQRORJLHV IRU UHKDELOLWDWLRQ KDV VKRZQ DQ
LPSRUWDQW LQFUHDVH EXW QRW DV HQRXJK DV LW ZDV
H[SHFWHG RQ WKH RWKHU KDQG WKHUH DUH IHZ VWXGLHV
integrating the inclusion of active videogames 
LQ WHOHUHKDELOLWDWLRQ RI SHRSOH ZLWK PRWRU PLQRU
injuries in the upper limb. In the study presented by 
*RORPE HW DO >@ LV VKRZQ WKH LPSOHPHQWDWLRQ RI
a system of videogames based on virtual reality for 
WKHUHKDELOLWDWLRQRIWHHQDJHUVZLWKFHUHEUDOSDOV\LQ
WHOHUHKDELOLWDWLRQPRGH6XFKSODWIRUPSUHVHQWVWKUHH
VXEV\VWHPV WKH ¿UVW RQH PDQDJHV WKH YLGHRJDPH
the second captures the patient motion, and the third 
visualizes the virtual environment of the game. Ines 
DQG$EGHONDGHU>@SUHVHQWD0L[HG5HDOLW\6\VWHP
IRU6HULRXV*DPHV056*6IRUPRWRUUHKDELOLWDWLRQ
of the upper limb after a cerebrovascular accident. 
The system aims at increasing the use of technology 
LQSK\VLFDO UHFRYHU\SURFHVVHVE\PDNLQJ WKHXVHU
LQWHUIDFHKLJKO\ LQWXLWLYHDQGDOORZLQJWKH WKHUDSLVW
to perform monitoring the patients, besides reducing 
costs on its implementation. The study posed by 
Burdea et al. [11], presents a rehabilitation plan based 
RQYLGHRJDPHVH[HFXWHGRQD3OD\6WDWLRQFRQVROH
E\XVLQJDJORYHZLWKVHQVRUVLQWHJUDWHGIRFXVHGWR
WKHUHKDELOLWDWLRQRIWKHXSSHUOLPEVSHFL¿FDOO\WKH
KDQGKLJKOLJKWLQJWKDWWKHH[SHULPHQWZDVDSSOLHGLQ
WZRSHGLDWULFSDWLHQWVZLWKKHPLSOHJLD
Other relevant studies in telerehabilitation even do 
not include videogames in its rehabilitation plans; 
WKHVH PDNH XVH RI VHQVRUV >@ RSWLFDO PRWLRQ
FDSWXUH>@DQGURERWV>@
III. RESEARCH FRAMEWORK
,QWKH¿UVWLQVWDQFHLWLVLPSRUWDQWSODFLQJWKHIRFXV
of the research, because a series of concepts about 
WHOHPHGLFLQH HKHDOWK WHOHUHKDELOLWDWLRQ DPRQJ
RWKHUV DUH UHFRJQL]HG EXW QR VFKHPH LV LGHQWL¿HG
in a clear manner to distinguish each one of them. 
)LJSUHVHQWVDJHQHUDODSSURDFK
FIG. 2.6WUXFWXUDOPRGHORIWKHHOHFWURQLFKHDOWKHKHDOWK
,QWKHDERYHPRGHOWKHHKHDOWKYDVWDUHDLVFOHDUO\
LGHQWL¿HG FRYHULQJ WKH RWKHU VXEDUHDV WHOHKHDOWK
FRYHUV DVSHFWV VXFKDV WHOHHGXFDWLRQ LQKHDOWKDQG
the telemedicine, this last, is the modality addressed 
in the present study.
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On the other hand, the proposed model is based on 
DGLVWULEXWHGV\VWHPZKLFKLVJRLQJWREHLPSODQWHG
in the specialized rehabilitation center and in the 
SDWLHQW¶VKRXVH,QWKH¿UVWVFHQDULRWKHUHLVDVHUYHU
WKDWVWRUHVWKHLQIRUPDWLRQRIWKHSDWLHQWIURPKLV¿UVW
consultation until the conclusion of the rehabilitation 
SODQ ,Q WKH VHFRQG RQH SDWLHQW¶V KRXVH WKH
technological accessories needed for the motion 
FDSWXUH LQHUWLDO VHQVRU QHWZRUN DQG DQ LQIUDUHG
FDPHUD DEOH WR FDWFK ' VLJQDOV ZLOO EH LQVWDOOHG
/LNHZLVH WKHUHPXVWEH FRQQHFWLRQ WR LQWHUQHW DQG
D 3& WKDWZLOO SOD\ WKH DFWLYH YLGHRJDPHV WKDW DUH
SDUWRIWKHUHKDELOLWDWLRQSURFHVV)LJSUHVHQWVWKH
scheme.
FIG. 3.6FKHPHRIWKHSK\VLFDOWHOHUHKDELOLWDWLRQV\VWHP
IV. PROPOSED ARCHITECTURE
The modules that integrate the proposed architecture 
IRUDWHOHUHKDELOLWDWLRQV\VWHPDUHGHVFULEHGEHORZ
A. Module 1. Motion capture system
This module is based on inertial sensors and capture 
ZLWKDYLVLRQV\VWHPZKHUHWKH¿UVWSDUWLVLQWHJUDWHG
WRDQLQHUWLDOVHQVRUVQHWZRUNSODFHGLQHDFKRQHRI
WKH XSSHU OLPE MRLQWV E\ XVLQJ038 VHQVRUV
IURP,QYHQ6HQVHZKLFKKDYHGHJUHHVRIIUHHGRP
those sensors integrate accelerometer, gyroscope 
DQG PDJQHWRPHWHU LQ D VLQJOH FKLS DQG KDYH ORZ
FRQVXPSWLRQ DQG FRVW )LJ  QXPHUDO  =LJEHH
LV WKH ZLUHOHVV FRPPXQLFDWLRQ SURWRFRO EHWZHHQ
VHQVRUV ZKLFK LV EDVHG RQ WKH ,((( 
VWDQGDUG IRU SHUVRQDO DUHDZLUHOHVV QHWZRUNV ODWHU
the signals are captured and collected to be sent to 
WKH FRPSXWHU )LJ  QXPHUDO 7KH VHFRQG SDUW
LV FRPSRVHGRIDQRSWLFDO V\VWHPZLWKRXWPDUNHUV
relating to an infrared camera, to a TV and to a 
PC; this one captures the movements made by the 
patient, by storing certain values on the informatics 
V\VWHP)LJQXPHUDODQGODWHUWKHUHLVDGDWD
fusion oriented to obtain accurate information about 
the motion parameters. The general scheme of the 
PRWLRQFDSWXUHPRGXOHFDQEHREVHUYHGLQ)LJ
FIG. 4.6FKHPHRIPRWLRQFDSWXUHPRGXOH
B. Module 2. Data fusion algorithm
7KH XVH RI DQ HVWLPDWRU VXFK DV WKH .DOPDQ ¿OWHU
DOORZVJHQHUDWLQJDEHWWHUVLJQDOWKDQWKHRQHREWDLQHG
directly from the inertial sensors; this may guarantee 
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a better quality for the captured data and may tend for 
calculating the angular positions of the upper limbs 
accurately, assuring that measurements are close to 
the system simulated by the proposed platform.
In order to choose the best estimator for being 
LPSOHPHQWHGLQWKHSODWIRUPDELEOLRJUDSKLFUHYLHZ
DERXWVRPHRIWKH.DOPDQ¿OWHUYDULDWLRQVZDVFDUULHG
out in the aforementioned databases, obtaining the 
IROORZLQJ WHQGHQFLHVRYHU D WRWDORIDUWLFOHV
DUWLFOHVUHSRUWWKHXVHRIWKH&RPPRQ.DOPDQ¿OWHU
DUWLFOHVUHSRUWWKHXVHRI([WHQGHG.DOPDQ¿OWHU
4 articles report the use of Unscented Kalman and 
the other publications report isolated cases of the 
XVLQJRIDQRWKHUW\SHVRI¿OWHUV&HQWURLG:HLJKWHG
.DOPDQ)LOWHU$GDSWLYH(QVHPEOH5REXVW)X]]\
Particles).
)URP WKH DERYH LW LV FRQFOXGHG WKDW PRVW RI WKH
publications register the implementation of both 
WKH([WHQGHG.DOPDQ¿OWHUDVWKHFRPPRQ>@
because its algorithm presents good documentation 
that eases its implementation for different uses, 
YHUVXVRWKHUYDULDQWV WKDWDUH VSHFL¿F IRUSDUWLFXODU
DFWLRQ ¿HOG 0RUHRYHU LW LV ZRUWK QRWLQJ WKH
SXEOLFDWLRQ SURYLGHG E\ =KDQJ HW DO >@ ZKR
made a comparative analysis of the extended and 
XQVFHQWHG ¿OWHUV FRQFOXGLQJ WKDW WKH ODVW RQH KDV
better performance and consumes less computational 
UHVRXUFHLQWKHFDVHRIWKHUHSRUWHGH[SHULPHQW)URP
the above, it can be proposed the implementation of 
WKH8QVFHQWHG.DOPDQ¿OWHUEXWLWUHTXLUHVPDNLQJ
a series of tests after the implementation of the 
KDUGZDUHDQG¿UPZDUHDUFKLWHFWXUHSURSRVHGLQWKH
SUHVHQWDUWLFOH$EORFNGLDJUDPRIWKHSHUIRUPDQFH
RI WKH XQVFHQWHG.DOPDQ ¿OWHU FDQ EH REVHUYHG LQ
)LJ
FIG. 5.%ORFNGLDJUDPRIWKH.DOPDQXQVFHQWHG¿OWHU
C. Module 3 IT application: Electronic Medical 
Record.
The third module of the system is an informatics 
DSSOLFDWLRQ WKDW DOORZV UHJLVWHULQJ DQG FRQVXOWLQJ
WKH EDVLF LQIRUPDWLRQ RI WKH SDWLHQW DVZHOO DV WKH
information of the therapies performed by it. The 
VRIWZDUH UHJLVWHUV WKH SURJUHVV LQ WKH UHKDELOLWDWLRQ
plan proposed by the medical specialist and manages 
the programming of the suggested therapy, based on 
the results of the analysis of the patient evolution; 
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this is installed in the rehabilitation center and can be 
GLVSOD\HGRQWKHSDWLHQW¶VFRPSXWHU
7KH DSSOLFDWLRQ KDV WKH IROORZLQJ VXEPRGXOHV D
Processing signals obtained from the motion capture 
system; b) Patient data management module; c) 
Module of conversion or registering of results of 
WHVWV PDGH ZLWK ELRPHGLFDO GHYLFHV VWDQGDUGL]HG
ZLWK',&20DQG+/G0HGLFDOUHFRUGVPRGXOH
LQWHURSHUDEOHWKURXJK',&20DQG+/
D. Module 4. Module of active videogames integra-
tion
This last module integrates a gallery of active 
YLGHRJDPHV ZKRVH GHYHORSPHQW LV EDVHG RQ
different physical rehabilitation plans, suggested by 
a medical specialist. The videogames are available 
for the specialist to propose the cycle of therapies 
that the patient must perform; each videogame has 
DGLI¿FXOW\ OHYHOZKLFKDOORZVDXWRFRQ¿JXULQJIRU
the patient to train until accomplishes the objective 
SURSRVHGLQWKHYLGHRJDPHOHDGLQJWKHIXO¿OOPHQWRI
the purpose of the therapy plan.
7KHYLGHRJDPHVDUHGHYHORSHGZLWK&SURJUDPPLQJ
ODQJXDJHDQGFRXOGEHUXQZLWKGHYLFHVLQWHUDFWLYHO\
connected to a TV.
CONCLUSIONS
7KH LPSOHPHQWDWLRQ RI WKH SODWIRUP ZLOO DOORZ
the development of the telemedicine modality, 
VSHFL¿FDOO\ LQ WKH SK\VLFDO UHKDELOLWDWLRQ RI SHRSOH
ZLWK WKH LQFOXVLRQ RI WKH PXOWLPRGDO FDSWXUH RI
biomechanical signals.
The construction of the motion capture module is 
the main tool for the development of areas such as 
$UWL¿FLDO ,QWHOOLJHQFH DQG URERWLFV VLQFH WKURXJK
this, it is intended to develop some projects for the 
FUHDWLRQRIGHYLFHVWKDWZLOOYHQWXUHLQWKHHQJLQHHULQJ
RIWKHSK\VLFDOUHKDELOLWDWLRQRISHRSOHDVZHOODVWKH
biomechanical analysis of different species.
The modern use of videogames is beyond the leisure. 
1RZDGD\V LW LV LQ D QHZPRGDOLW\ FDOOHG ³VHULRXV
YLGHRJDPHV´ZKLFKKDYHEHHQDSSOLHG LQ LQGXVWU\
health, education, military area and other areas that 
KDYH IRXQG WKH ZD\ WR H[SORLW WKH EHQH¿WV RI WKLV
technology.
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